In order to minimize experimental errors, the coils and samples were rather large, and the measurements were made with a Hewlett-Packard 4192A low-frequency impedance analyzer and 16095A probe fixture at a frequency of 400 Hz. The 6061-T6 aluminum tube and plate were 6.35 mm thick (0.250 in.), and the inner diameter of the tube was 76 mm (3.00 in.). The machined flaws were flat-bottom holes in the outer surface of the tube and in one side of the plate; the depth of each hole was approximately equal to its diameter. Accurately dimensioned coils were made to fit inside and outside the tube, so that both far-and near-side measurements could be made with the tube as well as the plate. Eddy-current measurements were made with coils in both absolute and differential modes as coils were scanned past the flaws (see Fig. 1 ). In general, the agreement between calculated and experimental measurements was reasonably good whenever the flaw was large enough to produce a reasonable signal change, but not so large that its dimensions were comparable to the wall thickness or the skin depth. In the latter case, the assumption that the induced eddy-current density would have been constant throughout the defect region is definitely not satisfied. 
PULSED EDDY CURRENTS
We have also made calculations for the determination of multiple properties by the use of pulsed eddy currents, using Fourier synthesis of multiple fixed frequencies to form pulses of various shapes. These results agree very well with experimental measurements and enable us to determine other properties, such as sample thickness, as well as the flaw size and depth. The fitting of the various properties was done using our polynomial expansion method. 5
FLAW INVERSION THEORY
The integral formulas that we developed for calculating the impedance changes produced in an eddy-current coil by defects of various sizes at various locations are well known, well verified, and widely used. By using the orthogonality of the Bessel functions in the formulas, we can invert the formulas to calculate the size and location of defects from an integral of impedance changes measured over a range of locations.
Explicitly, the normalized impedance change Zn produced in a coil above a semi-infinite plane conductor by a defect of normalized volume Vol n located at cylindrical coordinates p,a can be written as where w is the angular frequency of the eddy currents, J(P2,PI) is the integral of 3:J 1 (3:) with respect to 3: from Pl to PZ. and the coil is located at PI ( P ( P2, tl ( a ( t2 with mean radius ~ = (PI + P2)/2 (1) and an air integral Iair. The conductor is located at a = 0 and has permeability V, conductivity a, and a complex parameter al ( ~~. A more complicated system of conductors or coils would require a more complicated formula, but the essential procedure would be the same. If one takes the square root of both sides of Eq. (I), multiplies the result by pJ1(p) dp, and integrates with respect to P from 0 to m, the orthogonality of the Bessel functions Jl(P) makes it possible to obtain the following formula via the Fourier-Bessel integral formula: where F 2 (al) is a function that depends on the conductor configuration.
As before, the orthogonality properties of the cosine functions enable one to invert this formula to obtain the normalized defect volume Vol n and its radial location [implicitly in the Bessel function I1(alP)]:
As before, this is a complex equation, equivalent to two real equations, so that Vol n and P can be calculated separately in terms of the integral and known functions on the right-hand side of the equation.
If more complicated configurations of coils and conductors are involved, the same procedures can still be applied; only the functions in the integrals, such as F 2 (al), become more complicated.
An important motivation for these flaw inversion studies, in addition to the obvious one of obtaining the flaw parameters, is to develop better basic functions for calculating the flaw properties with fewer terms in the polynomial expressions. 1£ a really accurate function could be found for each flaw property, the polynomial could be reduced to a single term, with a dramatic increase in the speed of signal processing and inspection.
